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Abstract
Objective: We have measured the effect of combined strength and high intensity endurance training on physical
capacity and lipid profile in patients with heart and coronary diseases. We wanted to see whether cardiac patients
were able to increase training intensity to improve strength without losing endurance capacity.
Methods: Thirty heart-operated subjects participated in an intervention period of 10 weeks. The age of the
participants was between 52-72 years. The Resistance-Interval group (RE-INT) practiced four times a week with two
intensive endurance (spinning) sessions and two strength training sessions. The endurance training consisted of
intervals where the heart rate reached>90% of maximum heart rate. Strength training was performed in three series
with a load of 8-12 repetition maximum (RM). The subjects in the control group (CON) performed two to three
sessions per week according to a national program specialized for coronary patients (called “Ullevaal model”). We
had a randomized controlled trial.
Results: Maximal leg strength increased in both groups during the intervention, but the increase was higher in
the RE-INT group (from 107.9 ± 8.1 kg to 162.0 ± 8.4 kg) compared to the CON group (from 110.8 ± 8.9 to 125.4 ±
9.5 ) (p<0.001). Strength in chest press, the maximal oxygen uptake and the concentration of high density-
lipoprotein (HDL) protein increased in both groups during the test period. However, no differences were observed
between the RE-INT and CON group. Low density-lipoprotein (LDL), blood pressure and body weight did not change
during the intervention period in any of the groups.
Conclusion: Cardiac patients were able to increase training intensity, strength and maximal oxygen uptake
during a period of 10 weeks. We found that combined training has an effective impact on the increase in leg
strength. The increase in muscle strength can be vital for the everyday quality of life in cardiac patients.
Keywords: Cardiac patients; Combined exercise model; Muscle
strength; Maximal oxygen uptake; Lipid profile
Introduction
Heart disease is one of the most common diseases in the western
world with an increase in the number of annual heart surgeries [1].
Since the 1980s, physical activity has been recognized as an important
part of rehabilitation for these patients and different training programs
have been suggested with documented positive effects [2-4].
Recent studies have shown that high intensive endurance training
has a positive effect on oxygen uptake and lipid profile [5-7]. There has
been an increased interest in including strength training in coronary
rehabilitation, also in programs including overweight patients [8,9].
Resistance training increases the performance of endurance activities
such as walking and alike. This is highly relevant for elderly subjects
with risks for disabilities and is an important component of physical
functioning [10]. The effect of resistance training has been shown to be
more pronounced in older subjects (>60 years), probably related to the
increased loss of muscle strength with age [11].
Previously strength training has not been recommended for people
with high blood pressure [12], but one may argue the opposite. For
instance, sarcopenia, the age-associated loss of skeletal muscle, is a
major concern for this group and is further associated with increased
risk of inactivity and associated implications and requirement of health
care [13-15]. Additionally, increased leg strength has been well
documented to improve quality of daily life situations [16]. Kazior and
co-workers found improvements in muscle mitochondrial function
and increased hypertrophy when a combined training model
consisting of both strength and endurance was applied compared to a
model with resistance exercise only [17]. In general, resistance training
claims to be beneficial for inflammatory profiles and able to lower the
risk of cardiovascular diseases [18].
Implementation of strength training in cardiac rehabilitation could
be crucial considering that>80% of these patients are overweight
[10,19]. Volume and distribution of fat combined with reduced muscle
mass often increase cardiovascular risks [20]. Strength training
stimulates muscle mass compared to aerobic training, which might
result in decreased fat mass by an increase in resting metabolic rate
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[8,19,21,22]. Strength training has also been shown to improve lipid
profiles, which is a risk factor in cardiovascular diseases [9].
Interestingly, combined exercise models of endurance and strength
training has been shown to impair the gain in strength [23], whereas
others have seen improvement in strength when performing combined
training [24]. Development in strength and muscle mass volume is of
clinical interest since this can reduce risks of falling accidents and
increase the ability to handle daily activities [25].
We wanted to test if a combination of strength training and high
intensity endurance training increased muscle strength in cardiac
patients. Additionally, we were interested to monitor several other
parameters such as lipid profiles, systolic and diastolic blood pressure
and maximal oxygen uptake to identify any potential differences
between the resistance-Interval (RE-INT) group, and the control group
(CON).
Materials and Methods
Experimental design
Participants were recruited from an independent association (The
Cardio Club, Fredrikstad, Norway; http://cardioclub.no/) for
previously heart-operated patients. All participants received oral and
written information about the research project, test procedures and
risk factors. Written consents were collected. The experimental design
was approved by the Regional Ethics Committee of Southern Norway
(protocol number: 2012/1103-1, Chairman: prof. Dr. Med Stein A
Evensen, date of approval: 01.10.2012), and complied with the
standards set by the Declaration of Helsinki. There is no conflict of
interest to report.
CON group (n=15) RE-INT group (n=15)
Age (years) 65 (2) 62 (2)
Height (cm) 170.0 (3.2) 176.5 (2.3)
Male/Female 12/3 15/0
Data are mean
Table 1: Physical characteristics of the cardiac patients.
The Resistance-Interval (RE-INT) group, were set to perform both
strength and high intensity interval endurance training during the
intervention period, while the control (CON) group continued with
their normal training protocol, as described below.
Initially, ten subjects were excluded for medical reasons by our
cardiologist (Head Cardiologist at the Department of Thoracic and
Cardiovascular Surgery, Østfold Hospital, Norway). Seven of the
participants wanted to continue their normal training program
consisting of endurance training two to three times a week, and were
for that reason included in the CON group. The remaining 23
participants were randomly assigned based on VO2max and weight
into two groups of 15 subjects (Table 1). The seven subjects with a
preference of training method did not differ in regards to the
parameters used for randomization, and the groups are for that reason
considered properly randomized. Age, gender, weight (Table 2) and
medication were not different between the two groups. The age of the
participants was 50-72 years. Two of the participants experienced
discomfort during training but were allowed to continue in the
program after medical examination. Three participants in the CON
group dropped out for reasons not related to the study itself.
CON group (n=15) Pre-post
Mean (SEM)
RE-INT group (n=13) Pre-
post Mean (SEM)
Weight (kg) 82.4 (4.7)-81.3 (4.6) 89 (5.1)-89.3 (5.2)
BMI 28.2 (1.1)-27.7 (1.3) 28.3 (1.3)-28.8 (1.3)
Training sessions 26 (3) 40 (1)
Data are mean and SEM in parentheses
Table 2: Body weight and BMI before and after the intervention.
Training protocol
The RE-INT group trained two endurance sessions and two strength
training sessions per week (Table 2). Strength and endurance were
performed on different days. During the first week participants
performed only one strength training session and two endurance
training sessions. Endurance training consisted of spinning arranged
as pyramid training, with intervals of 2-3-4-5-4-3-2 min with one min
rest between the intervals. Heart rate was measured by using heart rate
monitors (Polar RS400/RS800CX, Kempele, Finland) at each training
session. During the intervals>90% of maximum heart rate was devised.
A heart rate of>90 % HRmax corresponds to 17-18 on the Borg scale
[26,27]. Strength training was performed with three sets of eight
exercises (leg press, leg curl, leg extension, chest press, pull down,
crunch, 2 back activities). The load was 12 RM during the first two
weeks, 10 RM during week 3-6 and 8 RM during week 7-10. The
training was performed in Life Fitness training machines (Brunswich,
Chicago, USA) at Friskis & Svettis Fitness Center, Fredrikstad, Norway.
Training adherence was 98% (SEM 0.9) in the RE-INT group during
the intervention period.
The CON group continued with their normal Cardio Club fitness
program, consisting of two to three sessions per week according to a
national standard program (The Ullevaal Model) specialized for
coronary patients [4]. This training model consists of warming up, 2 to
3 intervals of step, running or other exercises in six minutes duration
with increasing intensity with a heart rate of 85-90 % of HFmax at the
end. The intensity was 16-17 on the Borg scale (80-90% of max heart
rate). The interval exercise was followed by 10-15 min stretching. Each
session lasted for 45-55 min and the training adherence was 82% (SEM
2.8) during the intervention period.
Training intensities were adjusted if necessary by employing the
Borg scale of perceived intensity. If the heart rate were below 85-90% of
HFmax, higher intensities were suggested. Exclusion criteria during the
intervention were sickness, injury, or other reasons that made the
participants fail to conduct training in a satisfactory manner.
Maximal oxygen uptake
Prior to the randomization, all 30 participants performed a
preliminary maximal oxygen uptake test. The cardiologists wanted to
ensure that all participants could go through intensive endurance test
through controlled conditions. All participants conducted VO2max
measurements (mixing chamber, Jeager Oxycon Pro, Hoechberg,
Germany) on a bike (Ergo-line ELG 55 Bitz, Germany. The pre-test of
VO2max was performed one week before the intervention and a
VO2max test less than one week after the last training session. The
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VO2max started at a workload of 50 W and increased by 15 W every
30 s until exhaustion. The VO2, respiratory exchange ratio (RER), heart
rate and rate of perceived exertion (Borg scale) were measured during
the 2 last min of each workload. Capillary blood samples (ABL 700
series Bergman Diagnostika, Radiometer Copenhagen) were collected
within 1 min after finishing the test to confirm that the patients had
reached exhaustion.
CON group (n=15) Pre-
post AV (SEM)
RE-INT group (n=13)
Pre-post AV (SEM)
Total cholesterol
mmol/L
3.9 (0.2)-4.1 (0.2) 4.6 (0.3)-4.4 (0.2)
HDL mmol/L 1.3 (0.1)-1.4 (0.1) 1.4 (0.1)-1.5 (0.1)
LDL mmol/L 2.2 (0.2)-2.1 (0.2) 2.5 (0.2)-2.3 (0.2)
Triglycerider mg/dl 1 (0.1)-1.2 (0.2) 1.3 (0.1)-1.2 (0.1)
Hemoglobin mg/dL 14.4 (0.2)-14.7 (0.2) 14.4 (0.3)-14.3 (0.4)
Blood pressure
systolic (mmHg)
140.5 (4.2)-132.1 (3.3) 133.2 (2.7)-132 (3.9)
Blood pressure
diastolic (mmHg)
78.2 (2.6)-79.7 (2.3) 86.6 (2.5)-81.2 (2.3)
Data are mean and SEM in parentheses
Table 3: Effect of the intervention on circulating lipids and blood
pressure.
Test of maximal strength in leg press and chest press
Prior to the pre-test all participants went through a training session
with the test machines to get familiar to the test-procedure. Blood
pressure was on a normal level andno preliminary strength test was
performed prior due to the randomization [12]. All participants
performed chest and leg press with one repetition maximum (1RM)
before and after the intervention period. Tests were performed in Life
Fitness training machines after a general warm up. The load was
increased until participants were unable to lift the weight. Participants
were given three attempts to fulfil the highest load and one minute rest
between the attempts.
Blood samples
Venous blood samples were collected in the fasting state (≥ 12 h)
prior to and after the intervention period. The final samples were
collected 2-3 days after the intervention period (Table 3). Serum
triglycerides, serum-total cholesterol, serum- HDL and serum-LDL
were analyzed by the Siemens Advia 1650 automatic analyzer (Østfold
Hospital Trust, Fredrikstad, Norway).
Blood pressure
Blood pressure was measured using an ERKA D-83646 blood
pressure gauge (Produsent, Bad Tälz, Germany Calmeyer
Medizintechnik GmbH) before and after the intervention period
following general procedures. The participants relaxed 10 min prior to
and during the examination with the arm positioned at the level of the
right atrium. Three measurements were taken at intervals of one min,
and the average value was calculated to represent the patient’s blood
pressure. Additional readings were done if the measurements differed
with>5 mm Hg.
Statistics
Data are presented as mean values with respectively SEM values.
Two ways ANOVA was used to compare data for the two groups
obtained before and after the training intervention. A P value<0.05 was
considered significantly different.
Figure 1: Maximal strength in leg and chest press before and after
the intervention. A. Maximal leg press in RE-INT group (open bars)
and CON group (black bars) before and after the intervention.
N=14 for RE-INT group and N=11 for CON group. *: Effect of
training (p<0.001). a: p<0.001 (Training x group interaction). B.
Maximal chest press in RE-INT group (open bars) and CON group
(black bars) before and after the intervention. N=15 for RE-INT
group and N=12 for CON group. *: p<0.001 (effect of training).
Results
Maximal leg strength increased in both groups during the
intervention (Figure 1A). The maximal load in leg press increased from
107.9 ± 8.1 kg to 162.0 ± 8.4 kg (50.1%) in the RE-INT group, and
from 110.8 ± 8.9 kg to 125.4 ± 9.5 kg (13%) in the CON group. The
observed increase in leg strength for the RE-INT group was
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significantly larger compared to the increase in leg strength for the
CON-group (p<0.001).
Maximal strength in chest press increased from 26.7 ± 2.0 kg to 32.9
± 2.2 kg (23.2%) in RE-INT group and from 23.3 ± 3.0 kg to 27.9 ± 3.4
kg (19.7%) in the CON group (Figure 1B). There were no differences in
increase between the groups.
Maximal oxygen uptake increased from 30.9 ± 1.0 to 32.4 ± 1.2
ml/kg/min (5%) in the RE-INT group (p<0.01), and from 29.7 ± 1.3 to
30.9 ± 1.2 ml/kg/min (4%) (p<0.05) during the 10 week intervention
(Figure 2A). There were no differences in increase of the maximal
oxygen uptake between the groups.
The power increased from 228.3 ± 98 watt to 249.0 ± 94 watt (9.1%)
in the RE-INT group, and from 206.3 ± 54 watt to 216.2 ± 72 watt
(4.9%) in the CON-group (Figure 2 B). There were no differences in
the increase between the groups.
The concentration of high density lipoprotein (HDL) increased
from 1.37 ± 0.3 mM to 1.47 ± 0.9 mM (7.4%) in the RE-INT group,
and from 1.29 ± 0.5 mM to 1.39 ± 0.6 mM (8.2%) in the CON-group
(Figure 3). There was no difference in increase between the groups.
Body weight, concentration of low density lipoprotein (LDL) and
the systolic and diastolic blood pressure did not change significantly
during the intervention period in any of the groups.
Discussion
The main finding in this study is that a combined exercise model
consisting of strength training and high intensive endurance training
increases leg strength in cardiac patients compared to a control group
performing endurance training only. This suggests that strength
training successfully can be included in an intensive endurance
training program for cardiac patients.
The increase in leg strength (Figure 1A) in our study was
considerably larger compared to other studies [28-30]. Also,
hypertrophy has been shown in subjects using a similar combined
exercise program [31]. Such increase in leg strength is of large clinical
relevance as sarcopenia is predominant in cardiac patients [11].
However, others have shown that a combination of strength and
endurance training can impair improvements [23]. Adaptations in
strength have also been reported to be compromised when combined
training is performed compared to strength training only [32,24].
The large increase in leg strength in the RE-INT group was
surprising and it can be speculated that the high intensity endurance
training on cycle has contributed in a positive manner. Furthermore,
exercise at different days may be favourable since the participants
always performed training in a recovered state which reduces the
possibility of interference or inhibition in combined training.
Improvement in physical capacities will normally be affected by
different variables like volume and intensity [33]. The total volume in
our training protocol differed between the two groups. The CON
group practiced two or three training session per week (N=25) while
the RE-INT group practiced four training sessions a week (N=39). This
might reflect the differences in results. The intensity in the training was
at a high level in the RE-INT group which practiced heavy load
strength training (6-12 RM) which normally results in muscular
hypertrophy (>85% of 1RM) combined with>90% intensity in spinning
training. The CON group practiced submaximal circuit training which
normally results in minor hypotrophy compared with heavy load
training.
Figure 2: Maximal oxygen uptake and maximal power during the
maximal oxygen uptake test before and after the intervention. A.
Maximal uptake in RE-INT group (open bars) and CON group
(black bars) before and after the intervention. B. The highest load
(watt) at the VO2max test in RE-INT group (open bars) and CON
group (black bars) before and after the intervention. N=15 for RE-
INT group and N=12 for CON group. *: p<0.001 (effect of training).
We found the percentage increase in arm strength to be much lower
compared to the increase in leg strength. This is in line with a previous
report using subjects of the same age [34]. In a previous study
conducted by our group we noticed that upper body muscles seem to
respond differently compared to leg muscles considering different
loads [35]. Furthermore, other studies confirmed that leg muscles
increased more in cross-sectional area with high training volume
compared to lower training volume, whereas no differences were
observed in the upper body muscles [33,36].
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Figure 3: HDL cholesterol and total cholesterol before and after the
intervention. A. HDL cholesterol in RE-INT group (open bars) and
CON group (black bars) before and after the intervention. N=14 for
RE-INT group and N=12 for CON group. *: Effect of training
(p<0.05). B. Total cholesterol in RE-INT group (open bars) and
CON group (black bars) before and after the intervention. N=15 for
RE-INT group and N=12 for CON group. Int: Interaction (Time x
training; p<0.02).
In older subjects, the decrease in leg strength is normally larger than
the decrease in arm strength [37]. The reason for the larger decrease in
leg strength is unclear, but has large implications on mobility and
independent life [38]. Older people accumulate extracellular fat in
muscle tissue, which is associated with decline in strength and muscle
quality [39]. In the present study all, except four subjects, had a
BMI>25, and were categorized as overweight or obese. Additionally as
reported earlier 80% of patients participating in cardiac rehabilitation
are overweight [19,40]. Others have shown that an increase in strength
is impaired by accumulation of extracellular fat in muscles [41].
Endurance training has been recommended for cardiac patients
[42]. In our study we found that the maximal oxygen uptake increased
equally in both groups. The endurance training in the RE-INT group
(two sessions a week) was very intensive with strenuous levels at the
Borg Scale (17-18). The CON group performed two-three sessions a
week with submaximal intensity. The reason for the small increase in
maximal oxygen uptake in both groups is not obvious. In other studies
an increase in maximal oxygen uptake caused by 10 weeks of high
intensity endurance training is normally reported to be as much as
10% [43-45]. In our study heart rate was related to maximal heart
frequency when maximal oxygen uptake was tested. Several of the
participants used β-blockers and all used medication to reduce blood
pressure, making data difficult to interpret. The subjects in the present
study had a maximal oxygen uptake of about 30 ml.kg-1.min-1, which is
lower than the Norwegian population in the same age group [46,47].
In both groups we noticed a significant increase (p<0.001) in
maximum work load (watt) by exhaustion. According to Vikmoen and
co-workers, hypotrophy is important to gain a stronger effect in cycling
performance [48]. Furthermore, improved cycling economy has been
observed after addition of heavy strength training in trained cyclists
[49-51].
Both groups had an increase in leg strength after the intervention.
This may explain the equal increase related to the improvements in
work load. However, this was an unexpected result regarding the
different training programs between the two groups.
In the present study, all participants, except one had a HDL
concentration>1 mmol/L before the intervention, but in both groups
we still observed an increase in HDL after the intervention period.
Some studies have reported elevated HDL after endurance training
[52]. Many of the participants in the present study used statins, which
makes it difficult to interpret data on lipids. However, the participants
in the present study did not show any decrease in LDL during the
intervention period (Table 3).
The blood pressure did not change during the intervention period
(Table 3). It is worth to note that all participants used 3-4 different
medicines to reduce blood pressure and risk factors for heart diseases.
Neither systolic nor diastolic blood pressure decreased during the
study and medication was not changed. Strength training is not
recommended for subjects with high blood pressure [12]. However,
our data show that strength training, under controlled circumstances,
can be conducted successfully in cardiac-operated patients without
complications.
Conclusion
Importantly, cardiac patients are able to perform high intensity
strength and endurance training. Inclusion of strength training
increased leg strength substantially even when conducted in
combination with endurance training. The increase in muscle strength,
especially leg strength, is important for quality of everyday life in
cardiac risk populations.
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